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First results from epitaxial GaN detectors
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Sellin3, D. Hoxley?, A. Lohstroh?, A.Simon4,

'Department of Physics, University of Glasgow
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3Radiation Imaging Group,Department of Physics, University of Surrey
4Surrey Centre for lon Beam Applications, University of Surrey
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Introduction

O An initial characterisation has been made of epitaxial GaN
detectors - a material of potential interest for X-ray imaging anf
charged particle detection

[ Sl epitaxial GaN of 2 um thickness has been studied with alpha
particles:

= expect good charge collection efficiency

O CV analysis used to measure carrier concentration and material
purity

3 material uniformity was imaged using a focussed alpha particle
beam with a 1 um spatial resolution

3 the effect of radiation damage was also investigated by
irradiating devices with 600 Mrad of photons and 5x10'* cm-2 of
neutrons

_.
LD _ m muaﬂﬂmﬁqﬁhﬁ_ﬂ Paul Sellin, Radiation Imaging Group
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Properties of GaN

GaN is slightly n-type, with semi-insulating (SI) material
available in thin layers:

Cubic GaN
Z (fraction by weight) 31(0.83), 7 (0.17)
Density 6.15gcm3
Band gap (eV) 3.2 eV (300K)

3.0 eV (0OK)
Dielectric constant 8.9
Electron mobility p_ ~600 cm?/Vs
Hole mobility p, 200-400 cm2/V/s

Saturated drift velocity v, 2.5x107 em/s

Epitaxial GaN tends to show a highly defective, ordered
polycrystalline growth with a columnar structure - on
a nanometre length scale.

D. Huana et al. Jaurnal of Vacuum Science and Technaloav B 20 (20021 2256-2264

AFM images of epitaxial GaN
samples. Image size is 2um x2um

Pau| Sellin, Radiatlon Imaging Group
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Photon Detection Efficiency for GaN

Atomic numbers of 31 and 7 provide good photoelectric absorption
cross-sections:

100 Photon detection efficiency |
for 500 um thick materials
S
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. Photon energy (keV)
;D _ m T i Modelled using XCOM’ Paul Sellin, Radiation Imaging Group

PAGE 13/29* RCVD AT 112612006 4:58:49 PM [Eastem Standard Time]* SVR:USPTO-EFXRF-§/27 * DNIS:2738300* CSID:16509518301 * DURATION (mm-5s}:0946



14

P.

NO. 560

16509618301

SAN. 26. 2006 2:05PM

N v

Growth of epitaxial GaN

Thin epitaxial GaN layers are grown by metal organic chemical
vapour deposition (MOCVD) - University of Tokushima, Japan

Growth process uses sapphire as a substrate, with an n-type
conducting GaN buffer layer

High purity semi-insulating (SI) GaN layer is grown on top of the
buffer layer

Typical Sl GaN layer thickness is 2 pm

Mobility and carrier density can be optimised by varying growth
temperature

Schottky contacts

igh resistivity doped GaN (2um)

T. Wang et al, Applied Physics Lefters 76 (2000} 2220-2222

(]
Deparimant I . . .
t‘ 3_ m cmmﬂaifﬁ.ﬂw% s Paul Sellin, Radiation Imaging Group
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Epitaxial GaN detectors

NS s

shty of Surrey

nt of Phiyslcs

The GaN test device was
mounted onto ceramic
and characterised with
alpha particles.

ZxM -2 additional devices were

T irradiated for radiation
hardness studies - for
particle physics
applications:

e — 600 MRad of X-rays

MR = 5x10% cm2 of 1 MeV

“ neutrons

Paul Sellin, Radiation imaging Group
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Bulk GaN crystals

S| GaN crystals have been under develoment
for several years, particularly at Warsaw.

Grown in liquid Ga with N, over pressure:
20 kbar and 1700 °C

Undoped
- = n-type at 10'® cm-3, p ~ 103-102 Qcm-

Grown with 0.5% Mg

=> semi insulating, p ~ 104-10% Qcm

S| material has residual concentration

of ~10'¢ cm-3 - very poor charge transport

S. Porowski, J Cryst Growth 189/190 (1998} 153-158

INi S gttt

GaN single crystal
{(1mm grid;

Paul Sellin, Radiation lmaging Group
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IV characteristics

|V data on epitaxial device shows good diode characteristics from Schofttky
contact. Reverse-bias current ~10-12 A at -15V (J = 6x10"" Alcm?)

1e-9 7
non-irradiated
— Xray irradiated
—— neutron irradiated
1e-10 -
<
m 1e-11 -
=
O
1e-12 -+
._mlx_w T T T T T
-15 -10 -5 0 5 10 15
Volts (V)

. oo Some degradation in IV behaviour is observed in irradiated devices
JniSm

fment of Physics . .
4y 01 m___awﬁ Paul Sellin, Radiation Imaging Group
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Bragg curves in GaN

Alpha particle range is much greater than 2 pm active thickness of
GaN layer:

Bragg Curves for GaN

600

500 - 2 MeV alphas

Energy deposited by
alpha particles in 2 mm of
GaN estimated from
Bragg curves (SRIM):

400 -

300 -

5.49 MeV alphas

200 - 2 MeV alpha: 949 keV

5.49 MeV alpha: 553 keV

Energy LoSs dk/ax (keV/um)

100 -

Distance {um)

1 € Dopariment of Physics et :
Lj_ c:nma_q ol m..:% Paul Sellin, Radiation Imaging Group
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Alpha particle spectra

Room temperature alpha particle
spectra:

= systematic increase in measured
energy as a function of bias voltage,
as field strength increases

= no evidence for charge trapping in
_this thin material

G600

Coefficiants:
¢ = 137.1540198413 keV
m = 70.3582289899 keVich

500

400 1

300 -

200 A

100

counts (a.u4})

400 4 Fw

-

<

L)
1

0.0 02 04 08 0
energy (MeV)

Plotting alpha peak centroid vs V1/2;

= extrapolate to deposited energy in
2um of 553 keV

= shows full charge extraction from
layer at V=35V

Paul Sellin, Radlation Imaging Group
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CV analysis of GaN

The nett impurity concentration N, is calculated from room temperature CV
measurements using

N, 2

T geE A2 d(JCH AV

For 1.5 mm diameter contact pads, N, = 1x10'® cm - good quality material

2.7e+21

10 -2y -1
2get21 ] Orad=3.67x10"F Ay
N=43x10"2cm®

2.5e+21 -

2.4e+21 A

2.3e+21

1/C2 (F2)

2.2e+21 -

2.1e+21 1

2.0e+21 T T T T T T T T

{ 4 6 8 10 2 8 18
Lj _m o ﬂﬁ_u_nw_ 1 14 1 20 22 1, Radiation Imaging Group
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Alpha particle response of irradiated devices

2 devices were irradiated to investigate radiation hardness - with
600 MRad X-rays and 5x10' cm+ neutrons:

5.49 MeV alpha particle response

60
—— Non-irradiated
50 - : —— 600 MRad X-rays
—— 5x10™ em? neutrons

40 -
9
S5 a0 -
o)
O

20 A

V=24V
room temperature
10 - _ Wil \ *
MV __ h
b I H IU
“; i _r: _—_k __..* D .__ NN f )
0 )E‘S .___ ﬂ_ :__ i T ! hr | .__&.ﬁ..,_.__p_.f.“:hv.__m#\.a__.__._,&_..__.._ﬂ—L__L_ 4 a0
0 200 400 600 800 1000
' g Energy (keV)
L:_m wu m_.__m__ﬁﬁ“ Surtéy Tau oenn, nawmauun imaging Gioup
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The Surrey lon Beam Microprobe

niSs

atmeni of Physlcs sample of 100 Hz - 1 kHz

- - a e SR -
m§m<m__u_‘_m_om&o_mm.§§m<m=:mﬁmmo:5m

Paul Seliin, Radiation Imaging Group
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lon Beam Induced Charge (IBIC)

lon Beam Induced Charge
(IBIC) data provides:

- high spatial resolution

imaging of charge signal

uniformity

- single event detection
(~1 kHz event rate on
sample)

- true bulk measurement

lon beam is incident
orthogonal to one of the
electrodes:

- charge drift through the S
GaN layer to the conducting

LD_m ment of Physics
Unlversity of Surrey

measurements
Blas
voltage
I
|
-1
preamp P
< <~
sCanning microbeam; = = — —
wrotans or helium
Au \
Schotky sapphire
8:8%/ substrate

S1 GaN buffer
layer layer
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Alpha IBIC spectra from GaN

SRIM estimate of energy loss in 2 pm layer = 950 keV
Saturation of peak centroid at V=25V

1et+S
IBIC pulse height spectrum from
2 MeV alpha particles
Te+4 - 25V
]
c
nm 1e+3 - 20V
Te+2 1
1e+1 T T T T
¢ - 50 100 150 200
Channels
Lj _ m Cepadmantof Physics | Paul Sellin, Radiation Imaging Group
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GaN IBIC images

GaN IBIC images show charge transport only under contact pad
Excellent uniformity of signal with no field enhancement at edges
Contact is mainly obscured by silver dag bond wire

wire
shadow

LB _ m Coparimen o hysis . Paul Sellin, Radiation Imaging Group
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Conclusions

We have carried out a preliminary characterisation of three
epitaxial SI-GaN detectors:

O High purity S| GaN detector of 2 um thickness shows good alpha
particle response

3 Gold Schottky contacts show good diode behaviour - reverse
bias leakage current is ~10-'2 A at -15V (J = 6x10-11 A/cm?)

O CV analysis gives a carrier concentration of 1x10' cm-3

O initial IBIC imaging shows excellent material uniformity and
~100% CCE in very thin layers

O further measurements are required with thicker epitaxial layers,
whilst maintaining ~ 103 cm3 carrier concentration

L 3 _ m m”ﬂﬁﬁﬁh:@ los Paul Sellin, Radiation Imaging Group
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Intraduction Ever since meteorites heve been
known to come from an exwaterreswial origin people
have speculated as to whether they could contain evi-
dence of life. This was again exemplified by the
claims of MeKay et al. [1]. In each case the scientific
community as 2 whole has regarded such claims of life
with a certain amount of incredulity and upon the fur-
nishment of evidence of terrestrial contarnination, has
dismissed the claims with alacrity. However, the ac-
tual sources of contamination within meteorites and
the mechanisms of entry of such contamination still
remain poorly understood. With the discovery of a
probable terrestrial  bacterial contaminant on
ALHS84¢01, the argument of contamination has taken
another tum [2]. The findings of several researchers
into the organic material within this meteorite con-
cluded that contamination was present but then pre-
sented unfeasible arpuments as to its origin from Ant-
arctic ice [3, 4]. All the groups failed to detect an or-
ganism living on this meteorite. Not a good omen for
future exploration of our solar system. With this m
mind when the allocation of Nakhla became available
it seemed sensible to screen this metegrite for con-
tamination by terrestrial microorganisms.

Materials and Methods With the aim to detect
possible terrestrial microbial contaminants, Scanning
Electron Microscopy (SEM) investigations were car-
ried out on samples from Nakhla. Our allocation con-
sisted of chips taken from four sites across the mete-
orite, none of which was adjecent to macroscopic
fractures. These samples were numbered I to V.
Sample I contained fusion crust, sample II was taken
from just undemeath the fusion crust, sample II
originated from the interior of the meteorite, sample
IV was from near the center of the meteorite. No visi-
ble fractures were observed in the meteorite.

$mall chips were removed from each sample in
sterile conditions under laminar flow, All instruments
were presterilized by flaming or autoclaving. Chips
were then visuelly characterised and the majority of
cach sample area allocation reba.med for culrturmg and

after allowing 30 hours drying time for the silver dag
under contamination free conditions. All samples were
imaged with a JEOL SM 6100 fitted with a light ele-
ment Energy Dispertive X-Ray Analyser (EDX).

Results The results presented in this abstract are
from extensive imaging studies of chips from all four
sample areas, Culturing experiments have begun but
the data are not available at the time of writing this
abstract. Figure 1 shows the presence of a hyphae
forming organism on sample I (fusion crust). The hy-
phae appear to be growing from a 2 pm diameter
spherical structure, which strongly resembles a fungal
spore. Figure 2 shows the terminal end of a single
hyphae on the fusion crust. The hyphal structure ap-
pears to be disrupted and flattened. This is not sur-
prising, as these samples received none of the pre-
treatment normally required for biological imaging,
Small 100 nm ¢ircular objects are seen both associated
and removed from the hyphal terminus.

Figures 3 and 4 are related to sampled IV. Figure 3
agdin shows the presence of hyphal filaments origi-
naung from an apparent spore-like structure, The
surface appears to be covered with a thin film with the
underlying mineral edges becoming indistinct. Figure
4 shows a hyphal structure appearing through the
matrix of the meteorite and terminating after ap-
proximately 15 wm (terminus out of sight of the bot-
tom of the image). Again, evidence can be seen of 2
coating, blurring the edges of the mineral phages,
most notably in the bottomn lef-hand part of the im-
age. EDX-analysis of the apparent coating showed
consistently the presence of a carbon peak, which is
not seen on the apparently uncoated mineral surfaces.

No evidence of any organisms was found on sam-
ples Il and IIT although due to the heterogeneity of
occurrence of the contaminant they may be present
[5).

Discossion Figures 1 and 2 show the presence of
probable fungal contaminants on the surface of the
fusion crust. The 100 nm spheres shown in figure 2
have either formed mineralogically or from the dehy-
dration of the hydrated polymeric substances normally
secreted by microorgamisms. Although these are the
most plausible explanations, labeling these structures
nanobacteria would require further collaborative evi-
dence from culturing studies.
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Figures 3 and 4 appear to show that this fungal
contaminant has managed to infiltrate to the center of
the meteorite. Even though no visible fractures could
be observed, small cracks and fissures must exist 1o
allowing the organism to infiltrate. These need be no
larger than the diameter of the fimgal hyphae (ap-
proximately 1 um).

The presence of large areas of a carbon tich film
(fig. 3 and 4) is puzzling as the hyphal structures do
not appear to be part of the film, rather they seem to
sit on top of it. The appearance of the coating would
neither be expected if, as it appears, it was a product
of microbial activity, as eny bacterial coating would
dehydrate to strand-like appearance [6]. Therefore, it
could represent deposits of a type of insoluble organic
material indigenous to the meteorite and maybe pro-
viding a nutrient source for the fungal colonies inhab-
iting this meteorite.

From this study we conclude that all organic
analysis conducted on this new Nakhla allocation
should be undertaken with reservations. It is our con-
tention that adequate screening methods be developed
w0 ensure the sccurate analysis of any indigenous or-
ganic material. However, as these organisms are liv-
ing on extraterrestrial material they probably provide
one of the best tools to study how life may exist else-
where in the solar system.

References [1] McKay D.S. et al. (1996) Science,
273, 924. [2] Steele A. et al. (1999): Imaging an un-
known organism on ALH84001. Abstracts to the 307
Lunar and Planetary Science Conference 1999. [3)
Bada J.L. et al. (1998) Science, 279, 362-363. [4] Jull
AJT. er al. (1998) Science, 279, 365-369. [5) Steele
A, et al, (1998) Meteoritics & Planetary Science, 33,
4, [6] Steele A. (1996) PhD Thesis, University of
Portsmouth, Portsmouth, UK.
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Fig. 1. SEM image of 2 hyphae forming organism on
the fusion crust of sample 1.

BA1E 20KV X19.888  trs WDI3

Fig. 2, SEM image showing the terminal end of a
single hyphae with small spheres on the fusion crust.

Fig. 3. Hyphal filaments originating from an apparent
spare-like structure and coating film on sample IV,

Fig. 4. Single filamentous hyphae structure on sample
IV; again, the mineral surfaces appear to be coated.
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